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ABSTRACT 

PROBLEM TO BE SOLVED: To provide a low driving voltage and highly efficient 

high luminance light emission organic EL element by providing a light 

emission layer made of an organic compound between opposing positive and 

negative electrodes and further providing an organic compound layer doped 

with donor dopant metal in the boundary of the negative electrode. 

SOLUTION: A positive transparent electrode 2 and a negative electrode 6 

which are made of ITO or the like are arranged opposite to each other on a 

transparent substrate 1 made of glass or the like, a hole transport layer 3 

and a light emission layer 4 made of an organic compound are provided 

therebetween, the metallic doping layer 5 doped with metal functioning as a 

donor dopant is formed in a boundary with the negative electrode 6 ? and 

thereby a highly efficient organic EL element is provided. For the donor 

dopant, alkaline metal of Li or the like having a work function of 4.2 eV 

or lower, alkaline earth metal of MG or the like or transition metal such 

as rare earth metal is preferably used, its concentration is preferably set 

to 0.1 to 99 wt.%, and a metal doping layer thickness is preferably set to 

10 to 3000 angstroms . Thus, the energy barrier of electron injection from 

the negative electrode is reduced and low voltage driving is performed. 
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- r-*-/t> h*t. tb*R|g:#4. 2eV &T<I>7W)& 

h. 7;i<ay±^«fttra±si*Me*tja&fcJB«> 

3S^SS&;**lfcl8&±©&8M>S&'5#t8xl^ 

[S§#JS 3 ] ffi^Jj 1 S&tt 2 Eft©*!? C*JHT. 

~9 9ffig%T*5*rtSxL-47 hn;PS*-vfe>r-3t 
?. 

C£V>T. &JSK-fcf>;/JI©JP$#S, 10A~3000AT 
[ag*«5] »*9l~4(0l»rti*>l«E«fl5* : f 

[0 0 0 1] 

[0 0 0 2] 

ia£*©a«*5j;woiai«jja fEJCHjwwt^*** 

?.W$n5t«IU> hD^**y-fe>H{? (fit 
T. W$ELig?) tt. tttEB»©*PIK«iR*?** 

ax^nsflSiitu L^t>ffttMic9Kjye2oooAttT 

i-T^)CiT> 10V ^T©Sn*PtSJE-C1000cd/in2 £ttg|5 
<ht(fi?bL& (Appl. Phys. Lett.. 51. 913 (1987). 

) . zommmm^z&^Ts Tangsaafcwctefc 

* a AT SKSfC Rll i ft -5 X *JU*-«eg£ £<gT $ * 5 
fc. MgttSKfcL,*-r<. *5»Tr**©£. # 

[0003] fiKHJSJttitfeaffl^ir-^ (ii5 iiu 

J8%a¥##a5i»ifc£. I»SE?m*28a-PB-4. p. 1040) 
*J:0:/W^-x7»iC^a:©^l'-7' (315 4®fcfll& 



^K^M*29p-ZC-l5 . p. 1127) 
it, Mg«fc(3H£tt*H8i:©/h$V>Li (>J?SA) £fflu 
ai (7Jl/5xOA) t^jfefl;-r**k:J:»3«Sft;4-&» 

W# 6 tt#ttfl:*«i«±K Li €r*J6Tl 0 Aggicg&T 
»<&8U *©±rt>S8£&JBLfcrJB3i|SS(jit<BB 
SlSa©^SC^T*«CtSif8^L,T^i (IEEE T 
rans. Electron Devices. . 40, 1342 (1993)) . 
[0 0 0 4] Si£TI4UNIAX &©Pei iifi, # 

L)7-%:>tlIiaii££F-tf>yU BiMUEft«Tr 
fcVCfifcSbLTI^S (Science, 269, 1086 (1995) ) . 
Ctltt«EWanil«tc)T#U V-f£3tJB4'fc^«!UfcLi 
tttttES-fr. IB«fclMiE»R:*ft*ftLK;i->£» 
•f * > S-SrS r <h K <k 13 «Si5#©# U T-fl? 
&in situ -Cr-'-fcf^-rsfcCT&S. d©»^. £ 

S5LUC«fc^TSx$nfc7v*;P7x^>^!gT#SE 

^«-&«fcOffije>T&<ft* (Science, 269, 1086 (199 
5) ) . 

[0 0 0 5] L-#*LJi)9*<p. Mg^LiO^fcUfc&HT 

UT©t8figS:#igL/a^nti&e*ii©T. £&Hffi-r 

laKSTtt, Lil©JP**t20A^±T«B5«SiUTt8 
<iL-/«CV> (IEEE Trans. Electron Devices. , 40, 1342 
(1993)) . Pei &aR%H1*lCtteftlllbTmj|L 

fCT«?g££l±5in situ K-e>^Ttt. M&L1t-i 

[0 0 0 6] 

t©T*f3. *-© Emmmfr s ^mt^m^m^ 
HFfitttt©tfcW8» tut) 6-rttB«i«E« sia-r* - 

i^iW^T*. *^©(fe©a(We, Ai©«&»j; 
13 ESS« £ LT-JSCffl HSnT S fc5?ffiT5ffj£*&JK 
S-^«W£LT#ifit?ffiVifc«-&T%>. ±M©^&* 

[0 0 0 7] 

[%g«©ffiS] ^stz»rs*r«ft:^#iss 

»?i©#tiiEL*^tt. wi^-rsiiamatn&ia© 
wc, fi-«Mt^** &»dtsn5*a < 1 1>-^©^% 

@SrWr5WtSEL*7-(C*5^T. »g^S£©|^j5l:. 
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tt«Mfc*U.2cV fiTR>7**'JAB, 7;MPJ±Sl5fe 

<bB>«-/t>HB©»att. lOA-3000Afr*Ci3jt 
ITS UK 
[0 0 0 8] 

[ftW®ftlfi«lg] Bill *«fflfcck**r«ELJIHP 

is) i±fctt, «fc, »«f8a&«idcr^sn«a2. 

E3l*fc2ltt€r*r-r*jEILI0aii3, 56*14, 

tv^o cn&©B* (■) tf^XSS (BR 

SK) 1 v 89UKS2* IE7UIJSJI3. *J: 

***«WT»3EbftS* (■) tf«EWF©Jl 

K-fcT>fJI/ISHL ISBff/iE?LttayB/JE*»/*JB 

K-tr>yji/iWL liw/iEJLttayi/asjiai/it? 

Hl2l/i./&«K-t;>yjH/»a, JBS/IEJLttAJH/ 
56JtH/&« K — tT> yH/ttS- »«/IE?lttA»/ 

<Phys. Rev. Lett.. 14, 229 (1965)) . 
ISffi«ffi^&cD« : PffiAfclS'rsx*;i/4 £ -Ba«fiT 

*U «7-#ttASftfcttlS) 0^jWHx*«C!>T* 



tWEttft^. ttVH»*«4. 2eV HTO^RW 
2tffiiaTS. #M*«£LTLK Na. K , fle. Mg, Ca, 
Sr. Ba> Y . La, Mg, Sm, Gd, Yb. tt&M&tf £ft$ 0 
[0 0 11] A*H-i;>^Ji«P©F-/t>hB«tt« 

tPB3Esna^««, o. i -9 9m&%Tfc%>£tM? 

3W10A-3O00A*J»F*L^. I0A*SlTtt, HgMWifi 

3000A«ttAS£#ffll±#®KWftW'r 
[0 0 12] ±E&MF-K>^B5 0^jfcfck 

[0 0 1 3] JEJtH, tNHKSDl, hJ>^Ht 

p-?Jl<7 xx;|/^^ 7f^7 xxjl/ft E0)g>mit& 
**J:tf«i&0«Wt\ *7*U>, fh7t>, tf 

7>hvir>. ±yfi±>. 7x*>h^>fc£CDfi8£ 

'JX A*y7x7 u >hD>J>, 7xt>h'JyX 7£ 

>> ^Uk>> 7^D^'Jl^>. t7^D^UL^X ^ 
'J/>, 7*D^U/X ±7^U^ijyx y7x- 
;i/7 r ^> J X>, 7h77iZ^yI>, t+tfyj 

UJk tfr/X y^D^^ylX ^->X 7^ 

y^yux -r^>, y7x^xfi/>, h*x;^7> 

>, #U^^->, ^n->7x>, WJHX Jl/7 r U 

[0 0 14] tft, NpNB63-2956B5 *4MB, #1^8- 
22557 #H¥8-81472 ^4i$fi. »BB¥5-9470^ 

4>«, 4*9B¥5-17764 ^^atBB*$nT^S4JI* U 

»Ttt, h'JA (8-*;U/7h) 7^$X^A, tfX 
(8-+yjy5h) -7{f**sOI*. t:A [^>y (f) - 
8-*y»J-/5h] MSB, b*A (2-^^-8- U y 
5h) 7Jl/^XO^, hUA (8-47 Uy^h) <>v 
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A, 8-*/ »j;7hU^A, MJX (5-* DD-8- * 

y h) tfu^A, ex (5-jpn-8- */y 

[0 0 15} #M¥5-202011^&ffi, #§1^7-179394^ 
#W¥7-278124*4tfB, tf»¥7-228579#4HI£ 
Bl3RanTVift**1>-?7*/-*ft OT¥ 7-157473-^ 
&«fcB§>*£ftT^S h U 7^>St 1#§j¥6-203963*J 

)V7 U - l/>g^&> #H¥6-132080#&?8^®W^6- 
88072 ^iiffilcBS^ftT^^X^U^BI**, «PP¥ 
6-100857^^l6^#M I l I 6-207170^ffi^ggS^nT^ 

{£ffiT£, 0!IAtf> #M 59-1 94393 ^ftfBKBB^Stt 
T^SfeflDaS^lfStl*. *«)ft««i:L/Ttt, 2, 5-b* 

x (5, 7-x-t- ^>*;p-2-*>7**#7y;w -u. 

4- *77-/k 4,4'- b'X (5, 7-t-*>W«- ^> 
7**1*7 'J 4,4'- £X [5,7-$?- 

(2-*5F\H/-2- 7^;W -2- ^>7**1t7UJM X^ 
;i/^>, 2, 5-b'X (5. 7-v-t- ^>?;M- ^>7^ 
itV/'J W7iX 2, 5-bX [5- (a, a- 
)\>s<>i?)V) -2-'<>Vt+t7 l J;H ^7x>> 2.5 

-t*x [5.7-y- (2-^^;w- 7^) -2- ^>vt 

**7>J;W "3,4- y7x-iW7iX 2,5-tTX 
(5-3«?;W2- ^>*/***V»J*) Wx>, 4,4' 

- tfX (2-^>7**tf7'J;W fc*7xXJk 5-*y;v 
-2- {2- [4- (5-X7J1/-2- ^> 7***7 UJW 7x 
x;W b'rJV] ^>7***7~;k 2- [2- (4-£ □□ 
7xZjW t7h (l,2-d)**1^/-JPfc£4> 

^>7**tf7-;i^ 2, 2'-(p-7xzi/>yt:zu 

»-b*X^>^7 7-^fc EO^>V^7 7— JWfi* 
2- {2- [4- (2-^>7<^7UJW 7x-JW fcfx 
;W ^>7-f ^7-;k 2- [2- (4-*Jl/**5/7xn 
fc'xjkl ^>7^5y7-^aCO^>7-f 5^7 

- a, % a t7)9bt* e ^> ^ * . 

[0 0 17] >?Xf-y;l^>i?>*{t&tt£LTtt* « 
*«BW*)4¥ffl : *0373582 ^MjB«fwBIJfi*nTl^ *V> 
*«^6ii#T**. tOfta&WfcbTtt, 1.4-tf.X 

(2-^^;VX^UJP) 1.4-bX (3-*^Jl/X 

?y;W i.4-t?x (4-^^ux^'jiW ^> 

i?>, vX^'JJV^>i?>> 1,4-bX (2-X^X^U 
M 1>H>* 1,4-t'X (3-x^i/X^U^) ^>i? 
X i,4-fX (2-*^X*»J;W -2- *?\H/^>i? 
X 1.4-tfX (2-/^;^9 L U;W -2- x^;^>ir> 

[0 0 1 8] £tz. 4#H¥2-252793#4i»«CBB^SnT 



«<tbTtt, 2, 5-fcfX (4-**JU*?y;W b?vX 
2, 5-bX (4-X^^X^U^) e^v>. 2. 5-bX [2- 
{\-fy?M t-JW t!7y>, 2, 5-bX <4-/ h* 
xX^U;W £7vX 2, 5-tfX [2- (4-t'7xZJH 
tf-;i/] Hr/>, 2, 5~bX [2- (i-tfuxji/) b*X 

[0019] *<di&s &mmmmnmwM%*¥fm 

^3-23 1 970#&f B fcH ttT ^ * * * 'J 5*4 

&MK-K>yjl0tt»fcL 
TflV^CtfcT«ft, -ttDftScWtUTtt, U-7x 
-VyV*^)?* X 4,4'- 7xZU>y^f'Jr^ 
X 2,5-4^ , JL/>y^fUr<fX 2, 6-±7^U>v 
^^Ur-f X l 1 4"t'7x-l/>y^f'Jf'{>. 1.4- 
p-f^x-l/yy/f'Jf^X 9,10- 7>h5t:> 
y-fJl/y^'Jr^X 4,4'- (2,2- 7'^7x 
-;l/t*-;W b*7x-Jk 4, 4' -(2, 2-y7xZJk- 

m b*7x~;k at*, Rrx^neosaw*-^. #^i¥ 

6- 49079 ^4i«, #gi 5 F6-293778^^^M^:$nT^ 
^->7±^>^W*, #Bi¥6-279322^^ ««¥6- 
279323 W£M \Z Mtk S *TT V^^^X ? U JMkft* ■ 
#BI¥6-107648^a*#M¥6-92947 ^4i«fcHSS 
hT^****5?77-^»W». tt»¥6-206865^ 
?fi^Ba^$tiTi/^7>h5i:Wt:^, 1*Bi¥6-l45l 
46#4i«K:IB3R*hT^a**^*-f «pBI¥ 
4-96990 ^$Bt-W^^tlTV^x h7 7x^7^ v 
X>fcd». l$B8¥3-296595^|gtg!^^nTC^^ 
jSH^t^v 2-191 6944^«ICll 
^$tlTir^i7Vy>KSW*:, ♦#BB¥2-196885^4ifBt 

M^^nr^^^u u>»w^ 4*M¥ 2-255789^ fci 

^SnTV^^7^U>»»»» «H¥2-289676^attf 
#18^2-88689 ^«JCffl*SnTV^7^ n^U / > 
#gi^2-250292^ / ^?g^|l^$nT^oX^ i J 
^7^>»»#&irA**W , 6*lS. $^II> fiE**'«EL 

[0 0 2 0] jETLSAI, iE?Ltft^@, IHfUfciSttR* 

n t lt^ $ 7 u -^7 ^ xt^mt it i*. 

2 0 3 9 6 3^»*. #l¥6- 2 1 5 8 7 4^4i« t 
<*W¥7-I45116^4i«, ftB8¥7-224012^4ia, ^FJ 1 ! 1 

7- 157473#m #1^8-48656 #P^7-1262 
26^«, 4#B8 3 P7-I88130^ffi, 4#gB¥8-40995 ^ 

#H¥M099B #^^8-40997 ^^?S, 

ffl¥7-126225^«, #gi¥7-I01911^^, #gi¥7- 
97355 ^«HM^*nT^57U-JI/7 5>ft^«l« 
dWJK, flAtf, N, N, N'.N'-t- K57xX;i/-4, 4'- 
y7^7xZJK N. N* - y7xZJK N'-f/ (3-^^ 
JP7xX;U) -U'-y7 5y b*7xXJk 2, 2-bX (4- 
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v-p- hU^7 5y 7x~^) ^D/t> ( N,N,N\ N'-<r 
h?-p- MJJk-M'-S^Sy tf7xz;k b*X (4-v 
-P- h'J;P7^/7xzW 7xZjM^X N, N' - V 
7x^JK N'-v (4-/ h^i/7xZW -4,4'-x7 5 
y tf7x-Jk N. N, N\ N'-t" S7 7xZJK 4*^7 5 
/ y7xUH-WK 4 t 4'- bfX <$?7x-jl/75 
y) ^t-H'j7x-;K 4-N, N-y7x^7^/- 
(2-v.7x-Mf~;iO ^>"tf>, 3-* h+v-4 1 -N, N- 

v 7 x - jv 7 5 y x >if > , n-7xzw ; w \* V 

-jk 1, 1-tfX (4- v-p- h'J7^;7xr;M - > 
^d's+lf-X 1, (4-y-p-h'J7$7 7xr 

;p) -4- 7x-JP^DA^X ex (4-^^^;l/7 
5 y-2- ^^7xZJW - 7x-JM^>, N, N, N- h 
U (p-MJJl/) 75>> 4- (v-p- MJJbT^y) -4'- 

[4 (x-p- hu^75y) xf-VM x?-;i^>, n. 

N, N', K*-fh7-p-' h U;P-4. 4 f -v75y- h'7x- 
;k N,N,N\N'-xK^7xrjl,-4,4'-v75y- b*7x 
-M-7x-;^Jl//\'^Jk 4,4'- tfX [N- (1-^7 
5=-;!/) -N- 7x^JI/- 7^y] tf7x-Jk 4,4"-ex 
[N- (l-±7^) -N- 7xrjh 75 y] H-7x 
-Jk 4,4'- h*X [N- (l^y^M -N- 7x-;h 7 
5/] t'7xZJk 4, 4'- [N- (3-7ir±7T*^ 
M -N- 7x-;P- 75 y] t'7x-Jk 1,5-tfX [N- 

(i-±7^;i/) -N- 7xn;i/- 75y] ±7^u>, 4, 

4'- tfX [N- C9-7>hU;W -N- 7x-Jk 75V] 
tf7x-;k 4,4"-ex [N- (1-7>MJ;W -N- 7x 
-Jk 7> y] p-^»7xZJk 4.4'- t'X [N- (2-7 
x±> h U;iO -N- 7x^'k 75 y] t*7x-;k 4, 
4'- tfX [N- (&-y)l>*7>T-M -N- 7xlJk 7 
= y] tf7x-Jk 4, 4' -fx [N- (2-emjl/) -N- 
7x"Jk 75 y] t'7xZjk 4,4'- ex [N- (2-^ 
U VZ-Jls)- -N- 7xrjk 75 y] e7xZJk 4,4'- 

ex [n- (iod^jw -N- 7x-;h 7^y] e7 

x-;k 2, 6-ex (v-p- h'J^7^y) t7^l/X 
2,6-ex [v- {\-i-7?-)V) 75y] ±7*k>, 2, 
6-ex [N- -N- (2-t7riW 75 y] 

^7*kX 4. 4" -ex [N,N-v (2-^-7^;W 7 5 
y] ^-7xIJk 4.4'- ex [N-7XZJH- [4- 

0-±7^;io 7x-;W 75 y} e7xr;k 4,4'- 

ex [N-7X-JH- (2-eU~;tO - 75 y] t*7x 
-;k 2, 6-ex [N, N-v* (2-±7^;i/) 75y] 7)V* 
kX 4,4"- ex <N,N-v-p- hu;i/75y) *-7 

x~;k ex (n-i-±7^;w w-i-t7?M 75 > 

[0 0 2 1] Jftt. jEJUiAB. UETlift 
/^7x-l/>k*zl/ >**<&R»*fc £0V>fc* * * 



[0 0 2 2] ITO ««±CJBfijE-rSiE?Lj£A)BtLT 
tt> ftKK^te&H**, i7^Dy7->^^!7 
^D^7->Se^cti;^Jg7^D^7r:>^, 

WXSffl^t 7v#^#:f;*>£flM£ii-T 
EJLttAJBtLT/il^SJltfeTSft. 
[0 0 2 3] IftCCCicB. 2»*T£Efc{gfflT** 

K<ifflsnti^7;R-^wsbK 
a§avpc-4oo xe>^>^ 

£te5:&im«IH~D3 xe>n-^-^ffijSLfc 0 W* 
©i»jtJiXn->afflDekTak3ST tttt-^RjKtfftfflV) 
fro *?0#ttff<ittt* ^tKPBX 40-2. SifiSfeHfc S 

iivOAC-75io v;i/^y-^-, l-yn>BM-8JffSIt€^ 

1 V/2#(7)SJ^TX7 : -7 7 p ^^Wtab, ajE±»l» 

^ 7 < if- ^ffiffl u Tfe^mm Lias u &. 

[0 0 2 5] 




[0 0 2 6] ^ci:, WEEJL*aiH3 0±JC, «Bt« 4 

Kb2] 
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T«*n«hUX (8-*7'J;7h) TJl^-^ASg 
tt* (KT rAiqjtiO) 4*jE7LlftSH3awi;*fr 
T300 A0jPSfcKffl^LT#fiKLfc. 
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